Beam Cer enkov — differential heads

Thisisthe second document looking at the beam cerenkov detectors for the E907
experiment. Here |l will look at the specific requirements of two psudo-differential
cerenkov heads that FNAL currently has. A print of the heads should be available on the
E907 web site in addition to pressure curves and this document.

The cerenkov head consists of two mirrors M1, and M2. M1isal3’ diameter
spherical mirror that reflects and focuses the cerenkov light onto M2. M2is6” in
diameter and located about 250cm from M1, and has aholein it to discriminate between
different cerenkov angles. Small angle light passes though the center and large angle
light isreflected. In both cases the light hits a photomultiplier tube to record the number
of photons. Particles can be identified by which photomultiplier receives photons since
thisisrelated to the angle of the cerenkov light that is related to the particle’ s velocity.

There are two extremes that must be investigated to determine if these cerenkov
heads will work for E907. In the low momentum case there are plenty of photons, but the
cerenkov light isat alarge angle. One hasto be careful that light will make it into the
photomultiplier tube. The maximum angle can be estimated in the following way. The
radius of the light ring at M2 can be calculated from

h O fé, @

where h isthe radius of the light ring, f isthe focal length of M1 and 6. is the cerenkov
angle. Theradiusof M2is 3" and the focal length of M1 is about 250cm. That gives a
maximum cerenkov angle of about 30 mr.

The other extreme is the high momentum case. Here the length of the radiator is
critical due to the few photons generated. In the previous write up on this detector is was
found that the ratio of radiator lengths should be about .35. Looking at the pressure
curves and the tables at the end of this document is seems that the following is an
acceptable set up: pion-kaon 24.5m radiator with 12" pipe, kaon-proton 8.8m radiator
with a10” pipe. (Note: Those lengths are of the radiator gas and not the pipe added to
the cerenkov head.) The tables at the end of the document show that the geometrical
losses in either pipe are not a problem at low momentum (high n), or at high momentum
(low n). Thereare no losses at high momentum, and because of the large number of
photons at low momentum the lossis not a problem. One does find for the longer pipe
that the geometrical losses start to kick in at an n of about He at STP. This should not be
aproblem but asmaller diameter pipe will worsen this situation, and is not desired. For
the 8.8 m pipe the geometrical effect kicksin at higher n and should pose no problem
even with a10” diameter pipe.

The operating conditions of the cerenkov heads can be understood from the
pressure curves that are located on the web page with this document. The plots are
generated for each gas/beam energy/radiator length combination of interest. The x axisis
the pressure that one sets in the chamber. Theleft y axisisthe angle of cerenkov light
emitted from the particles for that given gas pressure, and the right y axisis the number
of photons that would be emitted. Keep in mind that the number of emitted photonsis



not the number that are collected because of geometry effects. To see the geometry
effects on must look at the tables at the end of this document.

Since these cerenkovs must work at many energies, and we want to minimized the
number of changes between beam energies, | tried to pick a single angle threshold, for
each cerenkov, that gives areasonable number of photons below the threshold. | picked a
criteria of about 2 photons below the threshold since it doesn’t ook like one can do better
than that given the fixed length. The horizonta lines are to aid in determining what these
thresholds will look like. | figure that a 5mr and 7mr threshold will work for the long and
short pipes respectively. If one assumes that a beam movement of some angle correlates
to asimple movement of the cerenkov light on M2 by the same amount (it also becomes
more elliptical—it is already a bit elliptical do to the off axis optics), one can see at high
momentum that a 1mr offset is about the maximum amount of movement before
identification becomes more complicated. | have not determined what the effect of a
tranglation of the beam would be, or how much addition movement could be allowed if
rings move over the angle threshold, | will figure that out at alater date. The main point
isthat the order of magnitude of allowed beam movement is about 1 mr.

Using these plots | determined what the most likely modes of operation would be.
The modes are described below aong with a schedule of the modes needed for different
energies.

Threshold mode : This mode is the mode that a simple threshold cerenkov would work
in. One particleis above the cerenkov light threshold and one is below. The particle
identification is made by either seeing light or not. The reasons for this mode are, at low
energy both particles may not be above the cerenkov light threshold, and the
angle/pressure curve is too steep to control well.

Differentia mode : Thisisthe mode that the heads were designed to be used. A particle
isidentified by light in one photomultiplier tube or the other, and there is positive
identification of aparticle and it’s identification.

Timing mode : Theindex of refraction needed for the very lowest beam energy is not
practical. The beam is slow enough that timing of the beam using scintillator will work
well, and is therefore used.

Mixed mode : In cases were two modes can be used at the same time this will be done.

Suggested running modes

Pion-Kaon identification with the 24.5 m radiator and a5 mr threshold.

5 GeV Freonll14 Threshold mode (kaons
below cerenkov threshold)
10-20 GeV Freonl14 Threshold mode most likely

(the angle/pressure curve is
steep, and there are plenty
of photons)




25-65 GeV N2 Start of differential mode

70-120 GeV He Differential mode

Kaon-Proton identification with the 8.8m radiator and a 7mr threshold.

5GeV Timing Timing mode (K and P are
below the cerenkov
threshold in Freon114)

10GeV Freonl14 + timing Timing and threshold mode
(K just makes the cerenkov
threshold)

15GeV Freon114 Threshold mode (proton
below cerenkov threshold)

20GeV Freon114 Threshold mode likely
(steep angle/pressure curve)

25-40GeV N2 Threshold mode (protons
below cerenkov threshold)

45-120GeV N2 Differential mode

100-120GeV Ne Differential mode
(alternative if N2 istoo
difficult in this energy
range)

Tables

The column headings have the following meanings.

P

NpePI
NpeK
NpeP
FiltNpePI

(mr)

momentum

number of photons from apion

“ kaon

“ proton

number of photons that makeit to M1. with alarge cerenkov angle, not
all photons make it to the mirror. Thisisjust ageometry problem.

the angle of cerenkov light

Thistableisfor L=880cm pipe diameter=10in and (n-1)x10"6=900

p  NpePl
5 5057
10 79.08
15 8436
20 86.21
25 87.06
30 8753
35 8781

NpeK  NpeP filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)
0.00 0.00 2277(32.04) 0.00(43.57) 0.00(43.57)

0.00 0.00 2847(40.07) 0.00(43.57) 0.00(43.57)
3458 0.00 29.40(41.39) 18.83(26.49) 0.00(43.57)
5821 0.00 29.72(41.84) 24.43(34.37) 0.00(43.57)
69.14 19.34 29.87(42.04) 26.62(37.47) 14.08(19.81)
75.08 40.49 29.95(42.16) 27.74(39.04) 20.38(28.67)
78.67 5325 29.99(42.22) 28.39(39.96) 23.37(32.88)




40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115

87.99
88.12
88.20
88.27
88.32
88.36
88.39
88.42
88.44
88.45
88.47
88.48
88.49
88.50
88.51
88.51

80.99
82.58
83.72
84.57
85.21
85.71
86.10
86.42
86.69
86.90
87.08
87.24
87.37
87.48
87.58
87.67

61.53
67.21
71.27
74.28
76.56
78.34
79.75
80.89
81.82
82.59
83.24
83.79

84.26 30.11(42.39)
84.66 30.11(42.39)
85.01 30.11(42.39)
8531 30.11(42.39)
10000 88.58 8858 8858 30.13(42.41)

30.03(42.27)
30.05(42.30)
30.06(42.32)
30.07(42.34)
30.08(42.35)
30.09(42.36)
30.09(42.36)
30.10(42.37)
30.10(42.37)
30.10(42.38)
30.11(42.38)
30.11(42.39)

28.81(40.55)
29,09(40.95)
29.29(41.23)
20.44(41.44)
29.55(41.59)
29.63(41.72)
29.70(41.81)
29.76(41.89)
29.80(41.95)
29.84(42.01)
29.87(42.05)
29.90(42.09)

25.12(35.34)
26.25(36.94)
27.03(38.04)
27.59(38.83)
28.01(39.43)
28.33(39.88)
28.59(40.24)
28.79(40.53)
28.96(40.76)
29,09(40.95)
29.21(41.11)
29.30(41.25)

29.92(42.
29.94(42.
29.96(42.
29.97(42.

30.13(42.41)

12)
15)
17)
19)

Thistable isfor L=880cm pipe diameter=10in and (n-1)x10"6=45

p
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
10000

NpePl  NpeK
0.00 0.00
0.00 0.00
020 0.00
205 0.00
291 0.00
3.38 0.00
3.66 0.00
3.84 0.00
3.96 0.00
4,05 0.00
412 041
417 1.05
421 155
424 195
427 227
429 253
430 275
432 293
433 3.09
434 322
435 333
436 343
436 351
443 4.43

NpeP
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.50
0.85
1.16

443 4.43(9.49)

filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)

0.00(8.94)
0.00(8.94)
0.20(2.03)
2.05(6.46)
2.91(7.69)
3.38(8.28)
3.66(8.62)
3.84(8.83)
3.96(8.97)
4.05(9.07)
4.12(9.14)
4.17(9.20)
4.21(9.24)
4.24(9.28)
4.27(9.30)
4.29(9.33)
4.30(9.34)
4.32(9.36)
4.33(9.37)
4.34(9.38)
4.35(9.39)
4.36(9.40)
4.36(9.41)

0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.41(2.89)
1.05(4.62)
1.55(5.62)
1.95(6.29)
2.27(6.79)
2.53(7.17)
2.75(7.47)
2.93(7.71)
3.09(7.91)
3.22(8.08)
3.33(8.22)
3.43(8.34)
3.51(8.45)
4.43(9.49)

0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.00(8.94)
0.10(1.42)
0.50(3.19)
0.85(4.16)
1.16(4.84)
4.43(9.49)

29.38(41.36)
29.45(41.46)
29.51(41.54)
29.57(41.62)
30.13(42.41)



Thistable isfor L=880cm pipe diameter=10in and (n-1)x10"6=130

p NpePl NpeK NpeP filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)
5 000 000 0.00 0.00017.32) 0.00(17.32) 0.00(17.32)
10 329 000 0.00 3.298.17) 0.00(17.32) 0.00(17.32)
15 858 000 0.00 858(13.20) 0.00(17.32) 0.00(17.32)
20 1043 000 0.00 10.35(14.55) 0.00(17.32) 0.00(17.32)
25 1129 000 0.00 10.76(15.13) 0.00(17.32) 0.00(17.32)
30 1175 000 0.00 10.98(15.44) 0.00(17.32) 0.00(17.32)
35 1203 288 0.00 11.11(15.63) 2.88(7.64) 0.00(17.32)
40 1222 520 0.00 11.20(15.74) 5.20(10.28) 0.00(17.32)
45 1234 680 0.00 11.25(15.83) 6.80(11.75) 0.00(17.32)
50 1243 794 0.00 11.29(15.88) 7.94(12.70) 0.00(17.32)
55 1250 879 0.00 11.32(15.92) 8.79(13.35) 0.00(17.32)
60 1255 943 077 11.35(1596) 9.43(13.83) 0.77(3.95)
65 1259 993 255 11.36(15.98) 9.93(14.20) 2.55(7.19)
70 12,62 1033 396 11.38(16.00) 10.29(14.48) 3.96(8.97)
75 1264 1065 510 11.39(16.02) 10.45(14.70) 5.10(10.18)
80 1266 1091 6.04 11.40(16.03) 10.58(14.88) 6.04(11.07)
85 1268 1113 6.81 11.41(16.04) 10.69(15.03) 6.81(11.76)
90 1269 1131 7.46 11.41(16.05) 10.77(15.15) 7.46(12.30)
95 1270 1146 801 11.42(16.06) 10.85(15.25) 8.01(12.75)
100 12.72 1159 848 11.42(16.06) 10.91(15.34) 8.48(13.11)
105 1272 1171 888 11.43(16.07) 10.96(15.41) 8.88(13.42)
110 1273 1180 9.23 11.43(16.07) 11.01(15.48) 9.23(13.68)
115 1274 1189 953 11.43(16.08) 11.05(15.53) 9.53(13.91)
10000 1281 1281 1281 11.47(16.12) 11.47(16.12) 11.46(16.12)

Thistableisfor L=2450cm pipe diameter=12in and (n-1)x10"6=20

p NpePl NpeK NpeP filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)
5 000 0.00 000 0.00(7.07) 0.00(7.07) 0.00(7.07)
10 000 0.00 0.00 0.00(7.07) 0.00(7.07) 0.00(7.07)
15 000 0.00 0.00 0.00(7.07) 0.00(7.07) 0.00(7.07)
20 0.00 000 0.00 0.00(7.07) 0.00(7.07) 0.00(7.07)
25 125 000 0.00 1.253.01) 0.00(7.07) 0.00(7.07)
30 254 000 0.00 254(4.30) 0.00(7.07) 0.00(7.07)
35 332 000 0.00 3320492 0.00(7.07) 0.00(7.07)
40 383 000 0.00 383(5.28 0.00(7.07) 0.00(7.07)
45 418 000 0.00 4.18(5.52) 0.00(7.07) 0.00(7.07)
50 443 000 0.00 4.43(5.68) 0.00(7.07) 0.00(7.07)
55 461 000 0.00 4.61(5.80) 0.00(7.07) 0.00(7.07)
60 475 000 0.00 4.755.88) 0.00(7.07) 0.00(7.07)
65 486 000 0.00 4.86(595 0.00(7.07) 0.00(7.07)
70 495 000 0.00 4.956.000 0.00(7.07) 0.00(7.07)
75 502 000 0.00 5.026.05 0.00(7.07) 0.00(7.07)



80
85
90
95
100
105
110
115

10000

5.07
5.12
5.16
5.19
5.22
5.25
5.27
5.29

5.49

0.19
0.80
1.30
1.73
2.10
241
2.69
2.93
5.49

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.49

507(6.08) 0.19(1.19)  0.00(7.07)
512(6.11) 0.80(2.41) 0.00(7.07)
5.16(6.13) 1.30(3.08)  0.00(7.07)
5.19(6.15) 1.73(3.55)  0.00(7.07)
5.22(6.17) 2.10(3.91) 0.00(7.07)
5.25(6.18) 2.41(4.19) 0.00(7.07)
5.27(6.20) 2.69(4.43)  0.00(7.07)
5.29(6.21) 2.93(4.62) 0.00(7.07)
540(6.32) 5.40(6.32) 5.40(6.32)

Thistableisfor L=2450cm pipe diameter=12in and (n-1)x10"6=400
filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)

p
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115

NpePl
3.75
83.21
97.92
103.07
105.46
106.75
107.53
108.04
108.39
108.63
108.82
108.96
109.07
109.15
109.22
109.28
109.33
109.37
109.40

109.43
109.45
109.48
109.49

NpeK
0.00

0.00
0.00
25.04
55.51
72.07
82.05
88.53
92.97
96.15
98.50
100.29
101.68
102.78
103.67
104.40
105.01
105.51
105.94

106.31
106.62
106.90
107.13

NpeP
0.00

3.75(5.22)

000 21.01(24.63)

0.00 22.79(26.72)
0.00 23.38(27.41)
000 23.65(27.73)
0.00 23.80(27.90)

11.23
34.31
50.13
61.45
69.82
76.19
81.15
85.08
88.25
90.85
93.00
94.80
96.33

97.63  24.09(28.25)
98.75  24.10(28.25)
99.73  24.10(28.25)
100.57 24.10(28.25)
10000 109.60 109.69 109.69 24.12(28.28)

23.88(28.00)
23.94(28.07)
23.98(28.11)
24,01(28.14)
24,03(28.17)
24,04(28.18)
24,05(28.20)
24,06(28.21)
24.07(28.22)
24,08(28.23)
24.08(28.23)
24,09(28.24)
24.09(28.24)

0.00(34.63)
0.00(34.63)
0.00(34.63)

11.53(13.51)
17.16(20.12)
19.55(22.92)
20.86(24.46)
21.67(25.40)
22.21(26.03)
22.58(26.48)
22.86(26.80)
23.07(27.04)
23.22(27.23)
23.35(27.37)
23.45(27.49)
23.53(27.59)
23.60(27.67)
23.66(27.74)
23.71(27.79)

0.00(34.63)
0.00(34.63)
0.00(34.63)

0.00(34.63)

0.00(34.63)

0.00(34.63)

7.72(9.05)

13.49(15.81)
16.31(19.12)
18.06(21.16)
19.25(22.56)
20.11(23.57)
20.75(24.32)
21.25(24.90)
21.64(25.36)
21.95(25.74)
22.21(26.04)
22.43(26.29)
22.61(26.50)

23.75(27.84)
23.78(27.88)
23.81(27.92)
23.84(27.95)
24.12(28.28)

Thistable isfor L=2450cm pipe diameter=12in and (n-1)x10"6=30

p
5

10
15
20
25
30

NpePl
0.00
0.00
0.00
1.60
3.99
5.29

NpeK
0.00
0.00
0.00
0.00
0.00
0.00

NpeP
0.00
0.00
0.00
0.00
0.00
0.00

filt NpePI(mR) filt NpeK(mR) filt NpeP(mR)

0.00(6.32)
0.00(6.32)
0.00(6.32)
1.60(3.42)
3.99(5.39)
5.29(6.21)

0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)

0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)

22.76(26.68)
22.89(26.83)
23.00(26.96)
23.10(27.08)
24.12(28.28)



35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
10000

6.07
6.57
6.92
7.17
7.36
7.50
7.60
7.69
7.76
7.82
7.86
7.90
7.94
7.97
7.99
8.01
8.03
8.23

0.00
0.00
0.00
0.00
0.00
0.00
0.21
1.32
221
2.94
3.54
4.05
4.48
4.84
5.16
5.43
5.67
8.23

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.23

5.68(6.65)
5.91(6.92)
6.06(7.10)
6.17(7.23)
6.25(7.32)
6.31(7.39)
6.35(7.44)
6.39(7.49)
6.42(7.52)
6.44(7.55)
6.46(7.57)
6.48(7.59)
6.49(7.61)
6.50(7.62)
6.51(7.63)
6.52(7.64)
6.53(7.65)

6.61(7.75)

0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.21(1.24)
1.32(3.10)
2.21(4.01)
2.94(4.63)
3.54(5.08)
4.05(5.43)
4.48(5.71)
4.84(5.94)
5.16(6.13)
5.37(6.29)
5.49(6.43)

6.61(7.75)

0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)
0.00(6.32)

6.61(7.75)



